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Summary  Among  the  different  modulation  techniques,  pulse  width  modulation  is  one  of  the
major renowned  modulation  strategies,  because  the  pulses  are  generated  based  on  reference
signal and  the  reference  signal  is  sinusoidal.  Many  modiﬁcations  are  made  in  this  strategy  since
the PWM  era  starts  in  the  area  of  power  electronics;  the  modiﬁcations  are  related  with  the
reference or  carrier.  This  paper  also  discusses  about  the  analysis  with  performance  parameters
when the  carrier  is  modiﬁed  with  the  impact  of  hysteresis  band  structures.  The  modiﬁed  carrier
is abridged  towards  the  zero  line  of  actual  carrier;  this  type  of  carrier  supports  the  reduction  of
the switching  losses  at  the  edge  of  pulse  train  and  also  reduces  the  total  harmonic  distortionsBetter  harmonic
proﬁle;
Enervate  carrier
modulation
from the  converter  output  signal.  The  lower  switching  losses  and  better  harmonic  proﬁle  elevate
the inverter  performance;  in  this  paper,  Symmetrical  Cascaded  H-Bridge  Multilevel  Inverter  is
analysed with  the  proposed  enervate  carrier  associated  to  level  shift  pulse  width  modulation.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
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IntroductionIn  the  end  of  the  third-quarter  of  19th  century,  Patel  et  al.
describes  the  generalised  strategy  for  the  harmonic  elimina-
tion  in  inverter  (Patel  and  Hoft,  1973);  enhancement  of  this
 This article belongs to the special issue on Engineering and Mate-
rial Sciences.
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trategy  is  later  entitled  as  pulse  width  modulation  strategy.
he  pulses  are  generated  by  comparing  the  triangular  with
he  reference  signal  (sinusoidal);  the  width  of  the  pulses
re  different  based  on  the  amplitude  of  reference  signal
nd  intersectional  area  of  triangular  wave.  This  strategy
ives  the  better  operating  conditions  to  inverter  with  low
istorted  outputs.  Modulation  strategy  is  the  key  or  sole  of
he  inverter,  so  many  variations  of  modulation  techniques
re  introduced,  modiﬁed  and  hydridize  the  few  techniques
Colak  et  al.,  2011;  Malinowski  et  al.,  2010). These  modula-
ion  strategies  are  classiﬁed  based  on  the  operating  strategy,
ulse  pattern,  computation  and  references.
icle under the CC BY-NC-ND license (http://creativecommons.org/
5m
s
p
t
a
p
e
t
g
c
o
m
Z
Z
p
p
P
F
c
a
w
i
f
i
l
i
t
w
e
l
k
a
f
i
i
n
W
e
a
t
c
F
F
m4  
Among  all  of  these  modulations,  level  shift  pulse  width
odulation  gets  more  inﬂuence  on  the  multilevel  inverter’s
cope  of  applications.  Because  LS-PWM  has  a  simple  com-
utational  complexity  for  any  level  of  inverter  but  not  for
he  others,  simple  unit  triangular  waves  are  compared  with
 sine  wave  in  positive  and  negative  sides,  then  the  com-
arison  gives  the  pulses  train  to  operate  the  inverter  (Cougo
t  al.,  2012;  Shukla  et  al.,  2011).  These  pulses  are  directly
ransferred  to  inverter’s  positive  and  negative  thyristor
roups.
There  is  a  need  for  optimal  coordination  between  the
arrier  frequency,  switching  losses,  and  harmonic  proﬁle
f  converter;  so  many  modiﬁcations  and  optimal  arrange-
ents  are  introduced  (Govindaraju  and  Baskaran,  2011;
hao  et  al.,  2010;  Nguyen  et  al.,  2011;  Rathore  et  al.,  2010;
arri  et  al.,  2010;  Li  et  al.,  2012).  Another  type  of  pro-
osed  modiﬁcation  with  the  optimal  arrangement  of  these
arameters  is  discussed  in  next  section.
roposed modiﬁed modulation strategy
or  an  effective  inverter,  the  switching  losses  and  harmonic
ontent  must  be  low  (Tolbert  and  Habetler,  1999;  Holmes
nd  McGrath,  2001;  Li  et  al.,  2012),  but  these  are  interlinked
ith  each  other.  In  nominal  operation  of  inverter,  switch-
ng  losses  depend  on  switching  frequency  and  switching
A
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Figure  1  LS-PWM  related  pulses.  (a)  Comparison  of  referen
igure  2  Proposed  LS-PWM  pulse  pattern.  (a)  Comparison  of  re
odulation.R.B.  Jonnala,  C.S.  Babu
requency  is  based  on  carrier  frequency  so  carrier  frequency
s  maintained  low.  Similarly,  the  harmonic  content  level  is
ow  when  the  carrier  frequency  is  high,  but  harmonic  distort-
ons  are  the  most  effective  parameter  on  inverter  operation
han  switching  losses.  If  the  switching  losses  are  reduced
ithout  changing  the  switching  frequency,  it  will  lead  to
ffects  that  reduce  the  harmonic  distortions.  These  corre-
ated  parameters  are  optimised  with  a modiﬁcation  and  the
ey  idea  is  enervating  the  carrier  magnitude.
The  pulse  train  of  LS-PWM  is  analysed  and  the  ineffective
reas  are  identiﬁed  based  on  the  switching  losses.  This  inef-
ective  area  is  indicated  with  the  dotted  circle  and  is  shown
n  Fig.  1; at  middle  of  the  pulse  train,  the  width  is  very  high;
t  almost  looks  like  an  ON  pulse  so  the  switching  states  can-
ot  affect  the  output,  and  then  the  switching  losses  are  high.
ith  the  knowledge  of  over-modulation  strategies  (Hava
t  al.,  1998),  the  ineffective  zone  of  pulse  train  is  treated
s  ON  pulse.  The  amplitude  of  the  triangular  is  enervated
owards  zero  line,  and  the  pulse  is  generated  based  on  this
arrier;  the  idea  of  modiﬁcation  of  carrier  is  illustrated  in
ig.  2.nalysis of proposed strategy with SCHB-MLI
he  proposed  modulation  strategy  is  analysed  with  Sym-
etrical  Cascaded  H-Bridge  Multilevel  Inverter  (SCHB-MLI);
ce  and  carrier.  (b)  Pulse  pattern  with  ineffective  zones.
ference  and  modiﬁed  carrier.  (b)  Pulse  pattern  of  proposed
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surely  the  switching  losses  are  reduced  when  the  switching
states  are  reduced,  so  the  proposed  strategy  has  the  low
switching  losses  due  to  the  switching  states  based  on  mod-
iﬁed  carriers.  Finally,  the  analysis  is  concentrated  on  the
harmonic  distortion  values  and  the  fundamental  voltage  val-
ues.  For  the  analysis  purpose,  single  phase,  7-level,  3-cell,
symmetrical  DC  voltage  cascaded  H-Bridge  inverter  is  used
with  R  load.  For  the  comparison  and  validation  purpose,  the
same  inverter  is  simulated  with  the  basic  LS-PWM  and  the
obtained  V-THD  is  15.59%.
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Figure  3  Graph  between  (a)  magnitude  of  carrier  and  VTHD at  mod
of carrier  =  0.5  for  proposed  LS-PWM.
Figure  4  (a)  Output  voltage  waveform  and55
For  the  analysis  purpose,  ﬁrst  the  basic  LS-PWM  is  simu-
ated  with  respect  to  varying  the  modulation  index.  It  gives
he  basic  idea  and  the  performance  evaluated  parameters
re  brought  in  to  scope;  the  proposed  idea  is  to  vary  the
mplitude  of  carrier;  then,  there  are  a  number  of  combi-
ations  between  the  variations  of  amplitudes  of  carrier  and
eference.  So,  here  the  progressive  methodology  is  used;  in
his,  the  generalised  way  of  analysis  is  propagated  with  ref-
rence  to  the  best  results,  and  then  with  that  best  result
nother  variation  is  to  be  analysed.
ulation  index  =  1,  (b)  modulation  index  and  VTHD at  magnitude
 (b)  FFT  analysis  for  proposed  LS-PWM.
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Table  1  Voltage  THD  for  the  basic  LS-PWM  (modulation
index =  1).
Magnitude  of
the  carrier
VTHD (%)  Fundamental
voltage  (V)
0.1  16.03  258.7
0.2 15.16  256.5
0.3 14.49 254
0.4 14.05 251.3
0.5 13.91 248.4
0.6 14.08 245.3
0.7 14.58  241.8
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Z0.8 15.42  238
0.9 16.64  233.7
By  the  progressive  methodology,  basic  LS-PWM  is  ana-
ysed  with  varying  the  magnitude  of  carrier  from  0.1  to  0.9;
his  harmonic  distortion  analysis  is  graphically  illustrated  in
ig.  3(a),  and  the  linearly  modulated  to  over-modulation
ange  of  1.2  of  analysis  is  illustrated  in  Fig.  3(b).  By  the
bservation  of  Fig.  3(a)  and  (b),  the  best  values  are  0.5  and
 respectively  to  the  magnitude  of  carrier  and  modulation
ndex,  and  for  that  analysis,  the  fundamental  voltages  with
he  THD  values  are  tabulated  in  Table  1.
The  state  of  optimal  condition  of  inverter  with  proposed
odulation  is  simulated  and  the  results  of  output  voltage
aveform  with  harmonic  proﬁle  are  shown  in  Fig.  4.
onclusion
s  per  the  discussion  on  previous  sections,  the  way  to  over-
ome  the  speciﬁed  snags  of  a  LS-PWM  associated  multilevel
nverter  is  reduced  with  modiﬁed  carrier.  With  the  analysis
nd  comparison  of  performance  parameters,  it  is  clear  that
he  inverter  operates  with  the  efﬁcient  condition  with  the
eduction  of  THD  from  15.59%  to  13.91%  and  switching  losses
re  also  reduced  with  the  proposed  logic.
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